To review the management and clinical outcomes of uni-or bilateral non-visualization of inguinal lymph nodes during dynamic sentinel lymph node biopsy (DSNB) in patients diagnosed with penile cancer and clinically impalpable inguinal lymph nodes (cN0), and to develop an algorithm for the management of patients in which non-visualization occurs.
Results
Out of 166 consecutive patients undergoing DSNB, 20 patients (12%) had unilateral non-visualization after injection of intradermal 99m Tc. Of these 20 patients, seven underwent repeat DSNB at a later date, with six having successful visualization. One patient had persistent non-visualization and proceeded to a superficial modified inguinal lymphadenectomy (SML). None of these patients experienced recurrence at follow-up. A further seven patients underwent modified SML with on-table frozen-section analysis of the lymph node packet; none of these patients were found to have micrometastatic disease in the inguinal lymph nodes, although one patient developed metastatic inguinal node disease at a later date. Six patients elected to undergo clinical surveillance and have remained disease-free.
Conclusion
Patients with impalpable inguinal lymph nodes undergoing DSNB with ≥G2 T1 disease should ideally have bilateral visualization of the sentinel lymph nodes, reflecting the drainage pattern from the primary tumour. In the present series, 12% of patients were found to have unilateral nonvisualization after DSNB. Among patients offered a repeat DSNB at a later date, localizing the sentinel node was successful in 86% of cases. Patients with favourable histological characteristics can be placed on clinical surveillance. Those with high-risk disease can be offered a repeat DSNB procedure on the proviso that SML may be carried out if there is repeated non-visualization. Larger cohorts are required to validate this proposed algorithm.
Introduction
Penile squamous cell carcinoma is a rare disease in Europe and North America, with an incidence of 1.5 per 100 000 males [1, 2] . The management of the primary lesion is surgical resection; the surgical procedure performed depends on the site, degree of invasion and size of the lesion. Currently, the majority of cases are managed by performing penile-preserving procedures, which have a local recurrence rate of 4% at 5 years [3] ; however, local recurrence does not appear to change the long-term prognosis as a further resection of the tumour can be performed. Despite efforts to explore alternative prognostic indicators over the past decade, the presence of metastatic disease in the inguinal lymph nodes remains the most important prognostic indicator [4] [5] [6] [7] [8] [9] [10] [11] [12] .
It has been established by lymphangiography and cadaveric studies that lymphatic drainage from the primary penile tumour occurs bilaterally in a step-wise fashion. This occurs initially to the superficial inguinal lymph nodes followed by the deep inguinal lymph nodes, and then to the ipsilateral pelvic lymph nodes [4] [5] [6] [7] [8] [9] [10] [11] [12] .
Patients with clinically impalpable lymph nodes in the groins (cN0 disease) have up to a 25% chance of harbouring occult metastases within the inguinal lymph nodes [4] . Offering all patients with cN0 disease open radical inguinal lymphadenectomy or the less morbid superficial modified lymphadenectomy (SML) is known to be effective from an oncological perspective [13] ; however, these procedures carry a morbidity rate of up to 70% and are deemed unnecessary in 75-80% of patients with cN0 disease [14] .
In 1977, Cabanas [15] described the use of sentinel node biopsy for the assessment of inguinal lymph nodes in patients with penile cancer based on lymphangiograms, the premise being that patients with a negative sentinel node biopsy would be spared the more invasive and morbid radical inguinal lymphadenectomy procedure. Only those patients found to have metastatic disease after sentinel node biopsy would have to undergo a radical inguinal lymphadenectomy. Subsequent technical refinements included the addition of technetium-99m-labelled nano-colloid and a blue dye, together with preoperative ultrasonography with fine-needle aspiration of morphologically abnormal lymph nodes. These additions have increased the sensitivity and specificity whilst maintaining a relatively low morbidity (93-95%, 100%, <5% respectively) [16] [17] [18] .
According to the European Association of Urology guidelines, all patients with cN0 disease and disease >G1 T1 should undergo SML or dynamic sentinel lymph node biopsy (DSNB) to ensure that micrometastatic disease in the inguinal nodes has been detected [4] .
The aim of the present study was to review the management and clinical outcomes and identify any risk factors predisposing to non-visualization after DSNB, as well as to develop an algorithm for patients with non-visualization.
Patients and Methods

Patients
A total of 166 patients diagnosed with penile squamous cell carcinoma (≥G2 T1) and cN0 disease between March 2010 and July 2016 underwent DSNB. The images and surgical case notes were reviewed and the long-term follow-up recorded in a penile cancer database.
Dynamic Sentinel Node Biopsy Protocol
On the morning of the surgery, radiolabelled 99m Tc was injected intra-dermally at four quadrants, either just proximal to where the tumour was located if already removed or around the tumour if DSNB was performed simultaneously with primary tumour resection. The tracer was administered at a dose of 30-40 MBq in a total volume of 0.4 mL.
As previously described, planar lymphoscintigraphy was carried out with a dynamic acquisition at 90 9 10-s frames performed immediately after injection [19] . An early static image was acquired at 20 min after the dynamic scan and again at 120 min.
After 90 min, CT images were obtained using conventional and combined single-photon emission CT, (SPECT)/CT. The SPECT/CT system consists of a dual-head, variable-angle gamma camera, equipped with low-energy high-resolution collimators and spiral CT optimized for rapid rotation. SPECT acquisition (matrix 128 9 128; 120 frames; 15 s per frame) was performed with 3°-angle steps. The CT settings were 100 kV and mA modulation.
During reconstruction, SPECT images were corrected for attenuation and scatter. Both SPECT and CT axial 1.25-mm slices were generated with the Xeleris application package (GE Healthcare, Little Chalfont, UK). The slices were transferred to an imaging viewing system (PACS) after generation of Digital Imaging and Communications in Medicine (DICOM) files. Fusion of images was performed with an Osirix DICOM viewer in a Unix-based operating system. All scans were evaluated and reported by nuclear medicine physicians preoperatively, and the site of the sentinel lymph node was marked on the patient's skin. Typical SPECT/CT images are shown in Figure 1 with bilateral (A) and unilateral visualisation (B).
Management of Patients with Non-Visualization
In cases of non-visualization after the delayed static images, either a further 99m Tc dose was injected intradermally with further delayed images or the patient underwent unilateral exploration of the visualized side with on-table assessment of the non-visualized side for gamma probe activity before considering an exploration. If there was no significant gamma probe activity, the groin was not explored. Non-significant gamma probe activity was defined as activity at skin level less than or equal to background count. The images were checked by a second nuclear medicine physician to exclude any error in the initial reports.
Where no exploration took place, patients were offered either a further DSNB procedure after 4-6 weeks, using an identical protocol with no dose escalation combined with the option of performing SML and frozen-section analysis on the same day. Patients were also offered close clinical and ultrasonographic surveillance as an alternative if the primary tumour was G2 with no evidence of lymphovascular or perineural invasion. This decision was based on both the grade and stage of the 574 © 2016 The Authors BJU International © 2016 BJU International primary tumour and after discussion with the patient and careful explanation of the risks and benefits. All cases were discussed at a multidisciplinary team meeting.
We categorized the patients into three groups according to their management after non-visualization. Group A consisted of patients who underwent a further DSNB~4-6 weeks later; group B consisted of those who underwent superficial modified inguinal lymphadenectomy and group C underwent clinical surveillance as opposed to surgical intervention (Fig. 2) .
Results
In the cohort of 166 patients (median age 65.5, interquartile range 50-67), 20 patients (12%) were found to have unilateral non-visualization, 10 (50%) on the right side and 10 (50%) on the left. There were no cases of bilateral non-visualization in our cohort.
Group A
Seven patients (35%) underwent a repeat DSNB procedure at a later date, the majority of whom harboured grade 3 or pT2 disease ( Table 1) . Six of these (86%) were found to have successful visualization on repeat DSNB. Two patients had a previous inguinal hernia repair on the side of the nonvisualization, which may have contributed to the initial nonvisualization. There was no local or regional recurrence in this patient cohort, with a mean follow-up of 34. Table 1 ).
The one patient with non-visualization on a repeat DSNB procedure on the left side proceeded to SML during the same operation, which revealed no metastatic disease in the context of G3 pT1 disease of the foreskin. After a followup of 63 months there was no evidence of regional recurrence.
Group B
Seven patients underwent SML with frozen-section analysis; again, the majority of these patients had primary lesions, which were G3 T1 disease ( Table 2) . None of these patients had any evidence of metastatic squamous cell carcinoma in the excised lymph nodes. These seven patients had a mean (range) follow-up of 53 (25-66) months. One patient developed metastatic inguinal lymph nodes 4 months after a negative SML (0/4 lymph nodes analysed on the initial histology). Subsequent completion radical lymph node dissection showed 2/7 metastatic lymph nodes. An ipsilateral pelvic lymphadenectomy revealed no further metastatic disease and the patient had no signs of recurrence at 36 months' follow-up.
One patient was found to have small lymphocytic lymphoma in his lymph nodes on histology and was referred to the haematology team. The presence of underlying lymphoma in this case might have contributed to non-visualization.
Group C
Six patients opted for clinical surveillance as opposed to further surgery. Four of these six had pT1 G2 disease. Two out of six with higher grade or stage disease opted for surveillance despite the multidisciplinary team recommendation for a repeat surgical procedure. These were followed up with bilateral groin ultrasonography and clinical examination on a 3-4-monthly basis for the first 2 years and 6-monthly for year 3, followed by clinical examination. All patients remain disease-free after a mean (median; range) follow-up of 41.5 (33; 19-62) months. These results are summarized in Table 3 .
Discussion
The management of patients with penile SCC and cN0 disease aims to minimize the morbidity associated with conventional inguinal lymphadenectomy but also detects the 15-25% of patients with occult disease. Patients with intermediate-or high-risk penile cancer and cN0 disease can be offered DSNB, which should visualize the sentinel lymph node in both groins in the majority of cases [20] . DSNB is a technique based on the assumption that the lymphatic drainage from the penile cancer occurs bilaterally; however, despite the concomitant use of radioisotope and blue dye (Patente Bleu V), unilateral, and more uncommonly bilateral, non-visualization has been previously reported in 19% and 2% of patients, respectively, on preoperative dynamic lymphoscintigraphy [21] . When encountering a nonvisualization case, the alternative options are either to perform a more extensive procedure (superficial modified inguinal lymphadenectomy) or to place the patient on strict clinical and ultrasonographic surveillance.
The present study found that the rate of unilateral nonvisualization occurred in 12% of patients, which is slightly lower than rates in other studies (Table 4) . From the results of this study we have proposed an algorithm to manage nonvisualisation of sentinel nodes (Fig. 3) .
The underlying causes of non-visualization remain unclear, but tumour occlusion of the lymphatics or the radioisotope dose, have been suggested as factors [16] .
Tumour occlusion of the lymphatics was also reported as a possible cause for non-visualization by Kroon et al. [21] , who Table 1 Histological findings for patients in Group A who underwent repeat dynamic sentinel lymph node biopsy.
Patient
Histology from repeat DSNB: number positive lymph nodes/number of lymph nodes taken
Histology of primary
0/10* G3 pT1 Circumcision *Non-visualization progressed to SML. DSNB, dynamic sentinel lymph node biopsy; SML, superficial modified lymphadenectomy. Non-visualization occurred in 11% of groins (21% of patients), with unilateral non-visualization occurring in 23 patients (19%) and bilateral non-visualization in two patients (2%) [21] . Both patients who had bilateral non-visualization were found to have significant penile oedema related to the primary tumour, and it was hypothesized that the lymphatic drainage was impaired secondary to this. Both of these patients remained on clinical surveillance and were diseasefree on follow-up [21] . None of our patients had bilateral non-visualization, and only one patient was found to have metastatic inguinal lymph node disease 4 months after SML. It is difficult therefore to confirm Kroon's conclusion from our data.
Another predictor for non-visualization was related to the dosage of 99m
Tc [16] . It is suggested that, for optimal results, it was important that the administered dose is at least 60 MBq. In breast cancer studies with non-visualization, the dosage was also a predictor of successful visualization [22] [23] [24] [25] [26] . In our protocol, the 99m Tc dosage was between 40 and 50 MBq, which is the standard dose for DSNB.
In the present series, the identification of two patients with previous surgery (hernia repair) and one patient with lymphoma, supports the theory that blocked or disrupted lymphatics may play a role in non-visualization at the time of DSNB; however, the number of events in this cohort did not allow statistical analysis to assess predictive factors for nonvisualization.
Another plausible explanation may relate to the anatomy of the lymphatics draining the tumour, whereby there may be preferential lymphatic channels draining the penis to one side. Once this sentinel node is removed and the channel is disrupted, bilateral drainage may resume. This may explain the reason as to why the repeat DSNB procedures were successful.
The present data have shown that a repeat DSNB was successful in localizing the sentinel lymph node in 86% of cases and therefore provides an acceptable option for patients who have non-visualization; however, histological analysis of the sentinel nodes, after repeat DSNB, did not demonstrate the presence of metastatic disease. Similarly, of the seven patients in Group B, who proceeded directly to SML after initial non-visualization, none were found to have metastatic disease in any of the excised lymph nodes. In the one patient that developed a late recurrence, four lymph nodes were removed at the time of the SML, of which three were analysed during intra-operative frozen section and no tumour was detected. This number is slightly lower than the average reported yield in the literature [27] , but was based on the same anatomical dissection. The node that was missed may have been outside the normal template or may have been missed at the time of the SML, resulting in a late recurrence. Of the six patients from Group C who opted for clinical surveillance, none had disease recurrence after a mean followup of 37 months. Two studies have reported one case of nonvisualization and found to have a metastatic lymph node [21, 27] . Based on our findings, we believe that patients with high risk factors such as G3 or >pT1 disease should be offered repeat DSNB with modified SML in the same setting, if a second non-visualization occurs, while patients with <pT2 stage and <G3 grade disease could be offered close clinical and ultrasound surveillance according to well-defined protocols. A further prospective study using the protocol defined above is planned to confirm its validity.
There are several limitations to this study. Its retrospective nature implies the potential for information and selection bias. Secondly, although the cohort of patients who underwent DSNB was large, the number of non-visualizations was still too small to allow statistical analysis to be carried out on predictors of non-visualization.
In conclusion, patients who have unilateral non-visualization after DSNB have a high probability (86%) of successful visualization during a repeat procedure. A risk-adapted approach is proposed in which clinical surveillance is an alternative to repeat DSNB in the absence of risk factors. We recommend the latter strategy only to be applied in patients harbouring primary stage <pT2 and grade <G3 disease, whilst acknowledging that this is based on three patients in our study and further investigation is required to confirm this.
